INTRODUCTION {#sec1-1}
============

Ever since the first anesthesia administered for cleft lip repair by John Snow in 1847, the Anesthesiologists have been striving to search the ideal anesthesia technique for craniofacial operations.\[[@ref1][@ref2]\]

The majority of anesthesia complications related to craniofacial abnormality is difficulty with intubation, intra-operative monitoring, post-operative airway obstruction.\[[@ref2][@ref3]\]

Smile train is an international charity with an aim to restore satisfactorily facial appearance and speech for poor children with cleft abnormalities who otherwise could not be helped.\[[@ref4]\] Financial, logistic and training support to cleft teams in developing countries is likely to lead to more surgeries with cleft.\[[@ref5]\]

Pediatric anesthesia is a complex dynamic system wherein there is interaction between human beings, machine and the environment. Failures of any component of this system could be harmful to the patient giving rise to critical incidents.\[[@ref6][@ref7]\]

With this background, the present study was conducted to analyze and critically review the perioperative anesthetic complications, which occurred during the cleft surgeries performed at the center.

MATERIALS AND METHODS {#sec1-2}
=====================

After obtaining permission from the institutional ethics committee the anesthesia protocols and complications for 3044 patients with varying degree of cleft deformities who underwent smile train surgery at our center from 1^st^ January 2007 to 31^st^ December 2010 were reviewed. A total of 3044 patients were operated in the above mentioned duration, but we were able to review 2917 cases in the final evaluation. Parents of a child with severe congenital heart disease refused surgery while 126 cases were not included as there cords were incomplete.

All anesthesia techniques and complications were evaluated on the basis of anesthesia records, case sheets and departmental monthly audits. The data recorded was demographic profile, pre-operative status of patient, premedication, anesthesia technique followed, significant perioperative complication its management and recovery. The complications were classified as minor or severe based on the classification by Cohen *et al*.\[[@ref8]\]

For the purpose of analysis patients were divided into 6 age groups 0-6 months, 6 months to 2 years, 3-4 years, 5-9 years, 10-14 years and ≥15 years.

Chi-square test was used to assess the relation of age and co-morbid conditions to occurrence of complications.

RESULTS {#sec1-3}
=======

This is a hospital based study where facilities and trained anesthetists are relatively available. Anesthetic management was entirely at the discretion of the individual anesthesia provider, but in accordance with the smile train protocols. Informed consent was taken in all cases. The youngest patient undergoing cleft lip was 4 weeks old and the oldest patient was 64 years old. The highest concentration of patient was in the age group 6-24 months and ≥15 years \[[Table 1](#T1){ref-type="table"}\].

###### 

Distribution of patients according to age and operative procedure

![](AER-7-350-g001)

Majority of patients were males 1843 (63.2%) while the total number of female patients was 1074 (36.8%). All patients belonged to American Society of Anesthesiologists physical status (ASA grade) I and II. All patients had undergone routine pre-anesthetic check-up. 706 (20.4%) subjects had associated co-morbid conditions \[[Table 2](#T2){ref-type="table"}\].

###### 

Pre-existing co-morbid conditions

![](AER-7-350-g002)

The fasting guide lines as per the protocols were followed. In 2007-2008 in children \<6 months, the trend was to avoid any form of premedication and above 6 months syrup phenergan 1 mg/kg was administered while in older children intramuscular ketamine premixed with glycopyrrolate was routinely administered.

However from 2009 until date, oral midazolam syrup 0.25 mg/kg half hour prior to the surgery and in older patients tab midazolam was prescribed. All patients had undergone strict vigilant perioperative monitoring, which included pulse oximetry, electrocardiography, non-invasive blood pressure monitoring, capnography, axillary temperature monitoring and precordial stethoscope. The body temperature was stabilized by using warm blankets.

Halothane was administered in 15.9% (465) children who were \<5 years until 2007 end, thereafter sevoflurane 51.9% (1515) replaced it and is now a preferred inhalational agent. Propofol 28.9% (843) was preferred over thiopentone 3.2% (94) in adult patients. Appropriate analgesia was ensured in all cases. Morphine was prevalent and given in 50.1% (1462), but has been completely replaced by fentanyl in 49.9% (1455) subjects.

In a majority of patients, the maintenance of anesthesia was with isoflurane and muscle relaxant like atracurium or vecuronium with controlled ventilation. Oxford tube was used as the one preferred by the surgical team for both cleft lip and palate.

For eye protection tegaderm film 3 M (6 cm × 7 cm) cut into two equal halves was used. In no case intraoperative blood transfusion was required. Tongue suture was placed after palate surgery to allow forward retraction of the tongue to prevent potential post-operative airway obstruction.

Various modalities like intramuscular/intravenous paracetamol, diclofenac sodium suppositories and tramadol have been used for post-operative analgesia by the concerned anesthesia provider for cleft palate. As an alternative modality, surgeons performed local infiltration in surgical wound empirically reduced post-operative pain. All the cleft lip cases were given infraorbital nerve block for post-operative surgery. The trend initially was to give a block at the end of surgery, but the recent trend is to give it just after intubation.

Total number of complication, which occurred was 239 (8.19%) with majority 107 (44.7%) occurring at the time of induction. There was no mortality \[[Table 3](#T3){ref-type="table"}\].

###### 

Incidence of perioperative complications

![](AER-7-350-g003)

The most common complication was laryngospasm in 77 (40.9%) patients of which 34 (44.15%) children were \<1 year old, 24 (31.17%) were posted for cleft palate and 26 (33.76%) had a previous history of upper respiratory obstruction. Most commonly, the laryngospasm occurred at the time of extubation. It was observed more in patients who were induced with sevoflurane than with halothane. Patients were managed with 100% oxygen and gentle intermittent positive pressure ventilation.

The second most common complication was difficult in tubationin 64 (30.4%) patients, which mostly occurred in children \<1 year in 32 (50%). 28 (43.7%) had both cleft lip and palate deformity while 13 (20.3%) had a bilateral cleft lip. Of these 21 (32.8%) had Cormackand Lehane (CL) grade IIb and III. Four children had CL grade IV. One child with CL grade IV was rescheduled for surgery and was later intubated using Tru-View, two patients were intubated by the senior consultant while one patient had a history of operated tracheoesophageal fistula at birth and the child was malnourished. The parents were advised to bring the child after some weight gain, but they never came in follow-up. In most of the cases 21 (32.8%) external maneuvers like optimal laryngeal external maneuver and in 20 (31.2%) subjects senior anesthetist performed the intubation.

DISCUSSION {#sec1-4}
==========

In the present study, majority of patients reported for cleft repair at an older age that too probably due to persuasion and motivation of by the health-care workers who had stressed that under the smile train project, the surgical treatment was free and a charity. Efficient health-care delivery during anesthesia and surgery, low morbidity and no mortality may have also motivated other patients to come forward for surgical correction. Patients may have presented in older age due to poverty, ignorance, long distance from cleft care surgical facilities. There is a male preponderance in our audit as most of the surgeries were cleft lip, which is more common in males and palate, which is more common in females.\[[@ref4][@ref9][@ref10]\] We found no correlation between sex and occurrence of critical incidence.

There was no statistical association between the nutritional status and anthropometric measurements and post-operative complications, which is consistent with the findings of Biazon and Peniche\[[@ref11]\] As the study is retrospective the anthropometrical data was analyzed, but the biochemical, clinical and dietary information could not be elicited.

All patients had undergone pre-anesthetic check as patient selection during the pre-operative assessment is critical for the delivery of safe anesthesia. From September 2008, the institute has formulated a protocol that any child after been advised surgery undergoes a complete pediatric check-up and thereafter undergoes a thorough pre-anesthetic analysis. This has helped us in anticipating and analyzing problems and taking appropriate measures.

Infants having cleft lip with hemoglobin (Hb) 8-10 g/dl were taken for surgery. In children with Hb \<8 g/dl; posted for cleft palate or combined surgery were given pre-operative blood transfusion while cleft lip were given hematinic and then taken for corrective surgery. Anemia reflects on the socioeconomic status of patient and poor nutrition due to feeding problems.\[[@ref1][@ref4]\]

A common pre-operative finding was eosinophilia (29%), which had an endemic origin. Another common condition the child presented was upper respiratory tract infection (URTI) in 26% subjects. According to Kotour PF, anesthetists are confronted with children demonstrating symptoms of URTI ranging from cough, sneezing, rhinorrhea, sore throat and fever on the day of surgery. The anesthetist maybe pressurized by the surgeon, hospital management and parents to accept the patient for anesthesia on social and/or economic grounds as postponement of surgery disappoints surgeon and parents alike.\[[@ref12]\] The incidence of laryngospasm is 1.7%, which rises to 9.6% in children with pre-operative URTI.\[[@ref12][@ref13]\] Our institute follows the general outlines given by Chan to follow in such patients.\[[@ref14]\]

Airway pressure monitoring and capnography tracing were carried out, which emphasizes the importance of adequate monitoring for early detection of tube compression and displacement. Despite all the sophisticated monitoring devices, the importance of clinical monitoring cannot be ruled out.

The retrospective studies show a complication rate of 14.2-58%,\[[@ref2][@ref11][@ref15][@ref16]\] whereas we observed a complication rate of 8.1%. Most of the complications (42.2%) were observed in children \<2 years. There was no mortality observed among our patients, which draws the conclusion that most of the incidents are avoidable.

Previous studies have demonstrated that CL grade III and IV was found to be 3% in patients with unilateral cleft lip, 45.8% in patients with bilateral cleft lip and 34.8% in patients with retrognathia.\[[@ref17][@ref18]\] In our study, most cases of difficult intubation in children belonged to age group \<2 years and in 20.3% children with bilateral cleft or retrognathia.

The low incidence of failed intubation 0.16% recorded was probably because every patient was considered to be potentially difficult airway by Anesthesiologists, preparations were carried out in anticipation well ahead of time. The difficult intubations were managed successfully by the presence of senior consultant, stringent monitoring, positioning the patients by use of a shoulder roll, optimal laryngeal external maneuver, stylet, more caution and extra vigilance. Intubation in our series may have been successful as straight bladed laryngoscope was used in infants and neuromuscular blocking agent was given to facilitate intubation after the ability to ventilate the lungs manually had been confirmed. The practice to reassess ventilation after tube fixation, oral packing and positioning and gag application has helped us. This has reduced the incidence of tube misplacement, disconnection and kinking.

We observed a high incidence of complication during the induction time 44.7%. This is in accordance to findings of Cooper *et al*.\[[@ref19]\] who suggested that intubation, which lasts for 6 min in a 60 min surgery is an incident rich period. In accordance with Edomwonyi *et al*. we also observed that the incidence of intraoperative complication was higher than complications in the recovery room.\[[@ref20]\]

The physiological changes that occur during anesthesia and surgery is not immediately reversed after the end of procedure and several associated complications during the 1^st^ h after the surgery.\[[@ref21]\] Thus, immediate post-operative period is the time when patients are more prone to develop oxygen desaturation.

Few prospective studies exist and 5% rate of immediate upper airway obstruction has been reported and occurs in children with associated syndromes because of critical decrease in size of previous tenuous airway, excessive sedation and laryngeal edema.\[[@ref22]\]

According to Wood, age between 44 weeks and 74 weeks after birth is when children have demonstrated greater vulnerability to the event of oxygen desaturation in the post-operative period.\[[@ref23]\] In our study, the age group in which incidence of desaturation occurred commonly was in subjects \<9 months with the significant statistical association between the age group and oxygen desaturation. As compared to cleft lip surgery, palate is considered to be a high-risk for post-operative hypoxemia, which is in accordance to our study.\[[@ref24]\]

Quershi *et al*. have reported hypothermia as an important complication found most commonly in children with a bilateral cleft lip repair citing prolonged duration of surgery as the cause.\[[@ref2]\] However, in our series hypothermia was not observed as adequate measures were taken.

A study in our department compared local anesthesia (LA) plus clonidine and LA alone in infra orbital nerve block (IONB). The study concluded that addition of clonidine as an adjunct to local anesthetic significantly decreased the requirement of other anesthetic drugs and significantly prolonged the duration of post-operative analgesia without any adverse effects.\[[@ref25]\]

Post-operatively the practice is to nurse the children in lateral position to optimize air movement and to minimize the chances of aspiration. The recovery area has an Anesthesiologist resident and consultant on rotation posting. The arm restrains, which prevent elbow flexion were routinely used to keep the child\'s hand away from the face as to prevent rubbing at stitches, surgical site and intravenous access site. According to the institute regimens, the child is shifted to the high visibility bed in the well-equipped ward once the vitals are stable and there is no evidence of bleeding. The chain of communication to respond for any emergency is well-established.

With this audit, we want to stress the need to maintain good records to avoid loss of valuable data. When critical incidents occur, they must be investigated not with the goal of appropriating blame, but as a means for finding the chain of events and contributing factors that led to it, to prevent any further occurrence. Such an investigation will reveal gaps and inadequacies in the health-care system.\[[@ref26]\] We encourage compliance with voluntary reporting. We were able to develop a proficient use of checklist, protocol profile of anesthesia techniques in use and identified important morbidities for further attentions. Human errors are an important factor in the majority of incidents.\[[@ref27]\]

The limitation of the study is that there may be some under reporting as it was based on retrospective assessment of adverse events been voluntarily reported as it seems that the Anesthesiologists report major adverse events more accurately and frequently than minor events. Most of the senior Anesthesiologist acts as supervisors and cases are conducted by senior residents and residents. It was noted that many incidents occurred were those, which occur as part of training. Thus, the result may vary from an institute where only staff Anesthesiologists work.

CONCLUSION {#sec1-5}
==========

A team approach is needed for management of correcting cleft anomaly, which is best provided in a multidisciplinary setting with coordination among the members of the team so as to maintain communication with specialists, patients and their families. Since these procedures do not characterize an emergency most of the perioperative complications can be prevented by following the routine followed by the institute and smile train protocol for safe anesthesia in cleft lip and palate surgeries.
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